Uma série de 1H-tetrazóis-5-substituídos (RCN 4 H) foi sintetizada pela reação de cicloadição de diferentes aril e alquil nitrilas com azida de sódio em DMSO, usando CuSO 4
Introduction
The chemistry of heterocyclic compounds has been an interesting field of study for a long time. Tetrazoles as a group of heterocyclic compounds are reported to possess a broad spectrum of biological activities such as antibacterial, 1 antifungal, 2 antiviral, [3] [4] [5] analgesic, 6, 7 anti-inflammatory, [8] [9] [10] antiulcer 11 and antihypertensive 12 activities. Also, 5-substituted-1H-tetrazoles can function as lipophilic spacers and carboxylic acid surrogates, 13 specialty explosives 14, 15 and information recording systems in materials 16 ligands, and precursors of a variety of nitrogen containing heterocycles in coordination chemistry. 17, 18 Since 1901, 19 conventional synthesis of 5-substituted-1H-tetrazoles has been reported to proceed via [3 + 2] cycloaddition of azide with nitriles. This procedure suffers from numerous drawbacks including use of expensive and toxic metal organic azide, 20 highly moisture-sensitive reaction conditions, strong Lewis acid, 21 and hydrazoic acid. 22 The "click" chemistry approach utilizing zinc catalysis in aqueous solution is a magnificent improvement over latter methods, 23, 24 but occasionally still requires the tedious and time-consuming removal of zinc salts from the acidic products. Stoichiometric amounts of inorganic salts and metal complexes 25 as catalysts, use of TMSN 3 and TBAF 26 instead of metal salts under solvent-free conditions in micellar media and ionic liquids, and use of various catalysts [27] [28] [29] [30] [31] 38 ZnS, 39 and natural natrolite zeolite 40 were reported. Metal-modified montmorillonites and zeolite were reported widely, and many metals, such as Cu, Zn, Mn, Fe, Cu, V, Mo, Al and Co [41] [42] [43] [44] [45] [46] [47] [48] were commonly used to improve the catalytic abilities of montmorillonites. These methods require a large excess of sodium azide, longer reaction time, and expensive metals. Moreover, the cycloaddition is too slow to be synthetically useful except when strong electronwithdrawing groups activate the nitrile compounds.
Today's stringent environmental and legislative concerns demand for the green methods that reduce the use of toxic and corrosive reagents and stop the formation of inorganic wastes. 49 However, it has been also observed that the catalysts employed are not always eco-friendly and because of this, serious environmental pollution often results. Therefore, in the area of green synthesis, the development of environmentally friendly alternatives is desirable for the synthesis of tetrazoles. 50 Recently, we have studied the application of cupric sulfate pentahydrate in the trimethylsilylation of alcohols and phenols, 51 and perceived that cupric sulfate pentahydrate as a mild Lewis acid, which is readily available, might be a useful catalyst for the synthesis of 5-substituted-1H-tetrazoles. In this paper we report a new process for the synthesis of 5-substituted 1-H-tetrazoles using cupric sulfate pentahydrate as a safe, environmentally benign, and inexpensive catalyst.
Experimental
The products were purified by column chromatography. The purity determinations of the products were accomplished by TLC on silica gel polygram STL G/UV 254 plates. The melting points of products were determined with an Electrothermal Type 9100 melting point apparatus. The FT-IR spectra were recorded on an Avatar 370 FT-IR Thermo Nicolet spectrometer. The NMR spectra were provided on a Bruker Avance 100 and 400 MHz instrument. All of the products were known compounds and characterized by the IR, 1 H NMR and 13 C NMR spectra and comparison of their melting points with known compounds. Elemental analyses were performed using a Elementar, Vario EL III and Thermofinnigan Flash EA 1112 Series instrument. Mass spectra were recorded with Agilent Technologies (HP) 5973 Network Mass Selective Detector and Shimadzu GC-MS-QP5050 instruments at 70 eV.
Typical procedure for the preparation of 5-phenyl-1H-tetrazole (1) Sodium azide (0.0650 g, 1 mmol) and cupric sulfate pentahydrate (0.0050 g, 2 mol%) were added to a solution of benzonitrile (0.1031 g, 1 mmol) in DMSO (2 mL) with stirring at room temperature. The reaction temperature was raised up to 140 °C for 1 h. The progress of the reaction was monitored by TLC. After completion, the reaction mixture was cooled and treated with 10 mL HCl (4 mol L -1 ) and then with 10 mL EtOAc. The resultant organic layer was separated, washed with 2×10 mL distilled water, dried over anhydrous sodium sulfate, and concentrated to give the crude solid 5-phenyl-1H-tetrazole (1). The crude product was recrystallized from n-hexane:ethylacetate (1:1) obtaining 0.1430 g of colourless crystals (98% yield). The other products( 2-17) were also, recrystallized from n-hexane:ethyl acetate (1:1) .
Characterization data for representative compounds 5-Phenyl-1H-tetrazole (1 
Results and Discussion
In a typical experiment, reaction of benzonitrile with sodium azide in the presence of CuSO 4
• 5H 2 O was first studied under various reaction parameters. The general reaction is outlined in Scheme 1 and the results are summarized in Table 1 .
Generally, with the catalysis of CuSO 4
• 5H 2 O in DMF ( Table 1 , entries 2-4), the reaction gave good to excellent yields, whereas in the absence of catalyst 5-phenyl-1H-tetrazole (1) was obtained in 40% yield (Table 1 , entry 1). On the basis of data in Table 1 , the best amount of CuSO 4
• 5H 2 O as catalyst is 2 mol% (Table 1 , entries 2-4 and entry 12). In an effort to develop better reaction conditions, different solvents were tested for the preparation of 5-phenyl-1H-tetrazole(1) from the reaction of benzonitrile with sodium azide in the presence of 2 mol% of CuSO 4
• 5H 2 O (Table 1 , entries 5-9). No product was obtained when the reaction was performed in nitromethane, chlorobenzene and anisol (Table 1, entries 5-7) . Other solvents, such as water gave the desired product in low yield but NMP gave slightly higher yield (Table 1, entries 8-9 ). In solvent free condition, 5-phenyl1H-tetrazole was produced in 50% yield after long period of time (Table 1, entry 10). As shown in Table  1 among the different solvents tested DMSO was found to be the solvent of choice because of its high dipole moment. The excellent yield was obtained in DMSO at 140 °C by applying 2 mol% of CuSO 4
• 5H 2 O and 1:1 molar ratio of benzonitrile:sodium azide (Table 1, entry 13) .
To understand the scope and the generality of CuSO 4
• 5H 2 O promoted (3 + 2) cycloaddition reaction, a variety of structurally divergent benzonitriles possessing a wide range of functional groups was chosen and the results are presented in Table 2 . Among the various nitriles tested, the aromatic nitriles with electron withdrawing substituent gave excellent yields in a very short time ( Table 2 , entries 2-5). Several nitriles containing electron-donating groups, were successfully converted into their corresponding tetrazoles with a prolonged reaction time ( Table 2 , entries 6-10). Likewise, aliphatic nitriles react similarly and provide good yields of the corresponding tetrazoles ( Table 2 , entries [15] [16] [17] . Heteroaromatic nitriles such as thiophene-2-carbonitrile, 4-pyridinecarbonitrile and 2-pyridinecarbonitrile gave the corresponding tetrazoles in shorter reaction times with excellent yields (Table 2 , entries 12-14). It is noteworthy that 1,4-dicyanobenzene only gave mono adduct even by using 1:2 molar ratio of 1,4-dicyanobenzene:sodium azide and 4 mol% of catalyst (Table 2 , entry 4).
The activity of nitrile compound towards azide ion plays an important role in this cycloaddition reaction. In comparison the cycloaddition reaction of aromatic nitriles with electron withdrawing substituents such as -Cl, − Br, −CN, −NO 2 and heteroaromatic nitriles compound such as thiophene-2-carbonitrile, 4-pyridinecarbonitrile and 2-pyridinecarbonitrile is faster than the reaction of aromatic nitrile compound with electron donating substituent such as −NH 2 ,−OCH 3 , ,−OCH 2 CH 3 and -OH. From Table 2 , it is clear that, excellent to good results were obtained with alkyl, aryl and heteroaryl nitriles, despite the different activities of the nitrile derivatives. It seems likely that the high polarity of solvent and efficient catalytic activity of CuSO 4
• 5H 2 O have leveled off the activity of nitrile group. The structures of all synthesized compounds were confirmed by spectral and analytical data. The IR spectra of all products show absorption bands at 1293-1233 due to (N-N=N-), 1041-1106 and 1189-1110 due to (tetrazole ring). A 13 C NMR signal at 161-154 ppm is assigned to the quaternary carbon of NH-C=N.
A plausible mechanism is shown in Scheme 2. Initially, coordination of nitrogen atoms of nitrile compounds with Cu II forms complex I which accelerates the cyclization step. This idea is supported by performing the reaction in the absence of CuSO 4
• 5H 2 O.Without any catalyst, cycloaddition reaction is not completed even after long period of time (Table1, entry 1). The [3+2] cycloaddition between the C≡N bond of nitrile compound and azide ion takes place readily to form the intermediate II. Acidic work-up, affords III and IV. The equilibrium leads to formation of the more stable tautomer IV (5-substituted 1H-tetrazole).
Conclusions
We have reported an efficient synthetic method for 5-substituted-1H-tetrazoles by a successive [3+2] cycloaddition of various nitriles with sodium azide in the presence of catalytic amount of CuSO 4
• 5H 2 O. This method is applicable to a range of nitriles including aliphatic, aromatic, and heterocyclic nitriles. It has also been shown that, the yields are high and reaction completion time is within 0.5-5 h. The catalyst used is readily available and is environmentally friendly. Short reaction time, good to excellent yields, safe process and simple workup make this method an attractive and useful contribution to the present organic synthesis for the preparation of 5-substituted 1H-tetrazoles.
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